Hormesis is a term used by toxicologists to refer to a biphasic dose-response to an environmental agent characterized by a low dose stimulation or beneficial effect and a high dose inhibitory or toxic effect. In the fields of biology and medicine hormesis is defined as an adaptive response of cells and organisms to a moderate (usually intermittent) stress. Examples include ischemic preconditioning, exercise, dietary energy restriction and exposures to low doses of certain phytochemicals. Recent findings have elucidated the cellular signaling pathways and molecular mechanisms that mediate hormetic responses which typically involve enzymes such as kinases and deacetylases, and transcription factors such as Nrf-2 and NF-kB. As a result, cells increase their production of cytoprotective and restorative proteins including growth factors, phase 2 and antioxidant enzymes, and protein chaperones. A better understanding of hormesis mechanisms at the cellular and molecular levels is leading to and to novel approaches for the prevention and treatment of many different diseases. Published by Elsevier Ireland Ltd.
The concept of hormesis
The term hormesis (see Calabrese et al., 2007 for a detailed consideration of the definition and uses of hormesis) has been most widely used in the toxicology field where investigators use it to describe a biphasic dose-response with a low dose stimulation or beneficial effect and a high dose inhibitory or toxic effect. The response of the cell or organism to the low dose of the toxin is considered an adaptive compensatory process following an initial disruption in homeostasis. Thus, a short working definition of hormesis is: 'a process in which exposure to a low dose of a chemical agent or environmental factor that is damaging at higher doses induces an adaptive beneficial effect on the cell or organism'. The prevalence in the literature of hormetic dose-responses to environmental toxins has been reviewed comprehensively (Calabrese and Blain, 2005) , as have the implications of toxin-mediated hormesis for understanding carcinogenesis and its prevention (Calabrese, 2005) . Several different terms are commonly used to describe specific types of hormetic responses including ''preconditioning'' and ''adaptive stress response''.
While hormesis is most often thought of in the context of exposures to exogenous agents or environmental conditions, it should also be recognized that hormesis is integral to the normal physiological function of cells and organisms. For example, exposure of neurons to the excitatory neurotransmitter glutamate during their normal activity www.elsevier.com/locate/arr Available online at www.sciencedirect.com Ageing Research Reviews 7 (2008) 1-7
